Poststenotie dilatation (PSD) was produced in the femoral arteries of 14 adult dogs. After 9 days to 5 months, the band was removed. If the murmur disappeared, as it did immediately in all but four arteries, the PSD disappeared within 24 hours (studied radiologically by painting the arteries with radio-opaque thorium dioxide). In these four, the dilatation disappeared after the murmur did. Six arteries were studied at half-hour intervals for 16 hours after removal of band. In all of these, the dilatation increased during the first half hour, and then disappeared completely in 6 to 8 hours. Long term follow-up for 6 months showed no changes in diameter after the initial 24-hour period. The altered elastic properties of the distal segment previously described for the dilated segment returned to normal soon after the band was removed. The mechanism of this change is unknown, but may be produced by alterations of elastin crosslinks by vibration. We conclude that poststenotic dilatation is reversible, at least in the femoral arteries of dogs, if correction of the stenosis is associated with disappearance of the turbulence. The change is very rapid, and so does not appear related to synthesis of new connective tissue.
surgery, one must ask what happens to the dilatation when the stenosis is corrected. Theoretically there are two possibilities: (1) the increased pressure pushing on the more distensible part of the artery may cause further dilatation and possibly aneurysm formation with the risk of rupture, or (2) the removal of the turbulence may allow regression of the altered elastic properties so that the artery returns to normal. The answer to this question should determine whether it is necessary to resect the dilatation as well as the stenosis.
A survey of the literature revealed three case reports of regression of subclavian artery aneurysms after removal of a cervical rib (6) (7) (8) . The exact duration of the aneurysms and the time for regression are hard to assess, but appeared to vary. Two were probably present for only a few weeks (6, 7) , and regressed almost immediately (hours to days) after removal of the subclavian rib. The third (8) was associated with gangrene of the fingers and was gone at reoperation for brachial plexus compression 6 months later.
There do not seem to be any similar case
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ROACH reports of what happens to the PSD beyond pulmonary and aortic valve stenoses or beyond coarctation of the aorta. The aneurysms here are often quite large, and may be big enough to create turbulence even if the stenosis is corrected. Previously, we (2) reported one experimentally produced PSD which disappeared when the turbulence disappeared. In this case, one femoral artery of an adult dog was constricted and a dilatation developed in the usual way. However, after several days the murmur decreased in intensity and the dilatation decreased. Several weeks later, it became apparent that the dog was pregnant, and we presume that the increased flow to the uterine circulation had decreased the femoral flow so the turbulence disappeared. After delivery of seven pups, the murmur returned and a dilatation again developed. In this case, the presence of a murmur (turbulence) and a dilatation appeared synonymous. It still does not answer the important clinical question of whether chronic dilatations can disappear.
The following experiments were designed to answer this question.
Method
Moderate stenoses with distal turbulence (indicated by the presence of a thrill and bruit) were produced in the femoral arteries of 17 adult dogs anesthetized with 28 mg of intravenous pentobarbital 1 (1 kg) using aseptic technique. The arteries were painted with a thick paste of thorium dioxide in saline using the method described previously (2) . This material, which is radio-opaque, is taken up by reticuloendothelial cells in the wall and remains in place indefinitely. It does not alter the elastic properties of the arterial wall (2) . Plain roentgenograms can then be done with the dog in a fixed position to measure the size of the artery during the course of the dilatation. Bands were made of nylon taffeta and sutured in place with 6-0 atraumatic silk. If the artery was painted first, the location of the stenosis was easily seen.
After varying lengths of time ranging from 9 days to 5 months ( Table 1 ) the dogs were again anesthetized, and the band carefully removed. In most dogs, roentgenograms were repeated at daily intervals for 2 weeks, and then at weekly intervals, and measurements of the diameter iNembutal (Abbott) proximal and distal to the stenosis made with calipers. In six arteries, the bands were removed on the X-ray table and serial roentgenograms done at half-hour intervals for 8 to 16 hours after removal of the band.
The animals were sacrificed 10 hours to 6 months after the band was removed, and the elastic properties of the arteries determined as described previously (3, 9) . Isolated segments were suspended in a water bath, and simultaneous pressure, volume, and length changes measured. This allowed tension-length diagrams to be constructed by using the Law of Laplace (tension/unit length = pressure X radius). Burton (10) has shown theoretically that it is valid to apply this law, which was originally developed for thin films, to thicker-walled structures such as the arterial wall. Three curves were obtained from each segment at 20-minute intervals. The distension curves were reproducible if this time was allowed between measurements.
Results

BANDING
Poststenotic dilatations developed in all of the banded arteries, and reached a constant level within 10 days postoperatively as described previously (2) . The results are summarized in Table 1 .
Three dogs died from the original procedure, and two died from infection or rupture under the band. The five deaths are excluded from the following series. In all but four of the remaining arteries, the dilatation disappeared within 24 hours after the stenosis was removed. In all of these four, the murmur persisted for some time (Table 1) , but the dilatation disappeared within 24 hours after the murmur disappeared. Figure 1 shows the measurements done on six arteries studied for 8 hours after removal of the band caused immediate disappearance of the murmur. In all cases, the artery became more dilated immediately after the band was removed and then rapidly returned to normal size of about 80 to 85% of the proximal diameter within 6 to 8 hours. Four of these arteries were followed for another 6 to 8 hours and no further change occurred. There was a significant decrease in the percent dilatation ( The percent dilatation is the distal/proximal diameter at 1 cm from the stenosis X 100. This is given before band removal, 8 hours after band removal, and at the time the dog was killed. The elastic diagram (tension-circumference) curve was compared for the distal (D) and proximal (P) segments. In four dogs the murmur (M) did not disappear immediately after the band was removed, although it was always gone by the time the animal was killed.
REMOVAL OF BAND
to a decrease in the distal diameter rather than an increase in the proximal one for all curves analyzed separately. If the band was not removed, or if removing the band did not eliminate the murmur, then the dilatation did not disappear during this period.
In calculating the linear correlation coefficient we have included all values, i.e., the initial increase and also values at 7 and 8 hours even though these are often no different from those at 6 hours. This method provides the least chance of producing a significant regression, and yet there is no question statistically that the dilatation does disappear, and that it is the distal segment that changes.
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The average regression line was not calculated, since all arteries reached approximately the same final value regardless of the degree of dilatation present initially ( Fig. 1) . Figure 1 illustrates that the distal segment enlarges during the first half hour after the band is removed. This increase was probably due to the increased pressure produced by correction of the stenosis. There was an average increase in diameter of 8.6% ± 4.5 (SD), which was a significant difference (P<0.02, paired Mest). After this, the distal segment decreased until it averaged 30.2% ±7.6 (SD), less than the preoperative value (P<0.01). By contrast, neither the Table 1 . It is obvious from distal diameter and percent dilatation that the PSD is gone in 8 hours, but the proximal diameter does not change. The second measurement is higher than the first, probably due to increased distal pressure after the stenosis was corrected. For details see text. RF = right femoral; LF -left femoral; PSD = poststenotic dilatation. Correlation coefficients between diameter and time for curves for the first 8 hours after the band was removed. Any value over 0.7 is considered significant, NS = not significant, i.e., the correlation coefficient, r, was < 0.70. It was obvious that the distal segment decreases in diameter and so causes a decrease in the % dilatation.
Other abbreviations as in Table 1 .
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immediate increase of 2.0%, nor the subsequent 8-hour decrease of 3.9% seen in the two arteries when the murmur remained were significantly different from the preoperative values (paired t-test). The rate of disappearance of the dilatation did not appear to depend on the duration of the dilatation which varied from 74 to 151 days, but only on whether the murmur disappeared. Figure 2 illustrates again that the dilatation disappears very rapidly, and that there is no change subsequently even though the dogs were followed from 10 hours to 201 days. This figure also shows that the controls did not change appreciably after the sham operation. The mean dilatation after band removal was significantly different (P<0.01) but that of the controls (band not removed) was not (P > 0.8). This confirms that the response of the arterial wall to the turbulence is very dynamic as shown in Figure 1 . There appears to be no tendency to develop either fibrosis or aneurysm after correction of the stenosis, at least in dog femoral arteries. Figure 3 shows typical static elastic diagrams obtained from the two femoral arteries of the same dog. The stenosis of the left femoral (LF), which had a dilatation of 115%, was not corrected and the distal segment was much more distensible than the proximal one. This was characteristic of all dilated vessels both in this series and in our previous one (4) . By contrast, the distal segment of the right femoral (RF) of this dog, which had a dilatation of 119%, is not very different from the proximal segment after removal of the band. In all cases where the dilatation disappeared, the elastic diagrams from the proximal and distal segments were similar. Figure 4 shows the mean of these, and illustrates that after the dilatation has disappeared the elastic properties of the artery appear to return to normal, i.e., the distal segment is slightly less distensible than the proximal one. The longitudinal elastic properties 'were similar. Table 3 summarizes the results of the Long-term studies on four controls (band not off, but sham operation on day 0 with band exposed but not removed) and 18 experimental arteries where band was removed at day 0. Tension-length diagrams from femoral arteries of the same dog. The band tvas not removed from LF which had a dilatation of 115% for 141 days. The distal segment is more distensible than the proximal one (top). The RF had a dilatation of 119% for 113 days before the band was removed. Twenty-eight days later, the elastic properties of the proximal and distal segments were almost identical (bottom). These results are typical. Abbreviations as in Figure 1 .
ELASTICITY
In both cases, the solid dots show the dilatation before the second operation, and the open dots show the dilatation after the second (sham or real) operation. There is no change in the % dilatation if the band is not removed (top panel), but there is a change after the band is removed (bottom panel
analysis of the elastic diagrams. This is based on digestion studies (9) in which we showed that the initial part of the curve was due to % INIT. CIRC.
FIGURE 4
Mean tension-length curves for proximal and distal segments of all dilated arteries after the bands were removed. The distal segment is slightly less distensible than the proximal one. This was the same as we had found in a previous study (3) for arteries with no dilatation, i.e., normally the more peripheral the artery, the less distensible it is. Broken lines show the standard error of the mean.
elastin and the final part to collagen. Previously we (4) found that the changes associated with a poststenotic dilatation were a decrease in the initial slope (elastin) and in the physiological slope (at 100 mm Hg), and an increase in the percent stretch at which collagen fibers alone determined the elastic properties of the artery. This was true for both the circumferential and longitudinal components of the vessel walls. Table 3 shows clearly that the proximal and distal segments of the arteries that had been dilated, but now were not, were not significantly different. If anything, the distal segment was less distensible than the proximal one. These changes had occurred even in the one dog studied 10 hours after band removal. Figure 3 illustrates whyeach artery must serve as its own control. There were marked variations in "normal" arteries between dogs and even between 
>0.5
Mean values for elastance (g/cm) of the 18 arteries studied initially (elastin part of curve/, finally (collagen part of curve), and at 100 mm Hg (physiological) with standard errors of the means. There is no significant difference with the unpaired i-test (P > 0.05 for all). The percent stretch at all collagen suggests something about the links holding the collagen fibers in place, and the percent stretch at 100 mm Hg indicates the likely diameter at physiological pressures. There is no significant difference between the proximal and distal segments. different arteries in the same dog. In general, however, the arteries became progressively less distensible the more peripheral they were. Previously we showed (4) with paired data that the change was in the distal segment rather than the proximal one.
Discussion
These results suggest that poststenotic dilatation is reversible in the femoral arteries of dogs if removal of the stenosis causes the turbulence to disappear. The fact that the dilatation remained in the four arteries where the murmur did not disappear supports our former suggestion (2-5) that the vibrations produce the elastic tissue alterations.
The rapid disappearance of the dilatation is surprising. It suggests that the vibration dynamically alters the links between the elastin fibers as Boughner (5) suggests. This would support our finding of minimum histological changes at least at the light microscopic level. The change seems too fast to postulate that new fibers are laid down, since previous studies by others (11) (12) (13) Circulation Research, Vol. XXVII, December 1970 suggest that the turnover time for elastin is very long (months at least for aortic elastin). The time course we have observed fits with the few cases reported in the literature, i.e., the dilatation disappears very rapidly. This would suggest that it might be possible to tell at the time of surgery whether the artery would expand to a very large size, or whether the correction of the stenosis would decrease the turbulence enough to let the dilatation disappear. It seems likely that if gross histological changes are present in the dilated area, i.e., if it is aneurysmal (14) , the dilatation will probably be permanent. Large dilatations will also tend to create turbulence, even though the stenosis is removed. Thus if the thrill persists after stenosis resection, the risk of further dilatation remains.
Surgical correction of many types of stenoses now presents an opportunity to test this hypothesis. We feel that the changes are dramatic enough to be visible radiologically in the case of pulmonary or aortic valvular stenosis with poststenotic dilatation. It may even be possible to follow postoperative ROACH coarctations radiologically, without contrast media. It is important to assess whether turbulence remains at the time of surgery (i.e., if a thrill is present) since this will probably influence the rate of disappearance of the dilatation.
Although the mechanism of this change remains obscure, the time course suggests that the elastin network may develop some sort of structural fatigue in response to vibration. This may be related to alterations in crosslinking within the elastin molecules since there is a suggestion that many factors including ultrasonic vibrations can alter cross-linking in collagen (15) . No work has been done, to my knowledge, on the effects of vibration on even semipurified elastin. Presumably if the process progresses to the stage of aneurysm formation with gross structural damage, the dilatation will not be reversible. None of our dogs developed aneurysms so we cannot assess this. Clinically, aneurysmal arteries feel quite different from dilated arteries, so that differentiation between the two should not be difficult in most cases.
We have some suggestive evidence that this reversibility occurs only in vivo. Our experiments with isolated arteries (3) (4) (5) showed that the altered elastic diagrams were stable for at least 48 hours after the end of the vibration. This adds to the mystery. We have not tried to assess the role of muscle by oxygenating the bath containing the isolated arteries, or of holding them distended to see if this allows the elastic tissue changes to reverse. One always wonders if differences in vivo and in vitro are related to muscle, nerve stimulation, blood supply or to tissue metabolism. If histological changes were obvious, it would be easier to assess what was going on. Our crude studies revealed no change at the light microscopic level, but careful studies by a pathologist seem indicated and are now in progress. If elastin could be isolated, X-ray diffraction studies of linking might provide some answers. However, the separation of elastin is difficult, and purified elastin has yet to be obtained. Therefore, although there seems no doubt that the poststenotic dilatation will disappear very rapidly after the stenosis is corrected, the mechanism by which this occurs is unknown.
The role of muscle has not been assessed in this study. We feel it is not the major factor, although subsequent pharmacological studies may prove that we are wrong. Gerova and Gero (16) have pointed out that sympathetic nerve stimulation or section can alter the vascular diameter by 13 to 20% of the diastolic diameter. These changes are comparable in magnitude to those we have seen. However, these occur over seconds or minutes. We found that the dilatation developed progressively over about 10 days (2) and disappeared after 6 to 8 hours. This is a very peculiar time course for a muscle response or myogenic reflex regardless of how it is produced. Theoretically one might postulate that the progressive dilatation was produced by progressive destruction of sympathetic nerve fibers or vasa vasorum by the band. If so, it is hard to explain why even tighter bands produced no dilatation (2) , and also how these structures could regenerate in the 6 to 8 hours needed for the artery to return to normal size. Since we can cause the dilatation in isolated arteries by turbulent perfusion (3) or vibration (5) , and the change is of the same magnitude as the in vitro ones (2), the muscle alterations seem unlikely. In addition, Holman (17) and Bruns et al. (18) showed that latex rubber tubing would dilate if subjected to vibrations or turbulence. This certainly could not be a muscle phenomenon. Holman and Peniston (19) found that large amounts of histamine and adrenaline did not cause a change in size of the aneurysm relative to the size of the aorta in their dog experiments. By contrast, Rodbard et al. (20) suggest that the muscle may be stimulated by hydrodynamic forces and thus lead to a PSD. They did not assess the effect of drugs or ions (e.g., calcium) on the rate of development of the PSD, but found in chicks that the incidence of PSD increased 1 week after production of the stenosis. They do not explain how this time course could be produced by the time constants associated with muscle contraction or relaxation. Thus we feel that poststenotic dilatation is more likely to be produced by some sort of structural fatigue of the connective tissue (probably the elastin) produced by the vibrations of turbulence. The process is dynamic, and is rapidly reversible in 6 to 8 hours if the turbulence disappears.
